Objective: European cancer survival rates vary widely. System factors, including whether or not primary care physicians (PCPs) are gatekeepers, may account for some of these differences. This study explores where patients who may have cancer are likely to present for medical care in different European countries, and how probability of presentation to a primary care clinician correlates with cancer survival rates. Design: Seventy-eight PCPs in a range of European countries assessed four vignettes representing patients who might have cancer, and consensus groups agreed how likely those patients were to present to different clinicians in their own countries. These data were compared with national cancer survival rates. Setting: A total of 14 countries. Subjects: Consensus groups of PCPs. Main outcome measures: Probability of initial presentation to a PCP for four clinical vignettes. Results: There was no significant correlation between overall national 1-year relative cancer survival rates and the probability of initial presentation to a PCP (r ¼ À0.16, 95% CI À0.39 to 0.08). Within that there was large variation depending on the type of cancer, with a significantly poorer lung cancer survival in countries where patients were more likely to initially consult a PCP (lung r ¼ À0.57, 95% CI À0.83 to À0.12; ovary: r ¼ À0.13, 95% CI À0.57 to 0.38; breast r ¼ 0.14, 95% CI À0.36 to 0.58; bowel: r ¼ 0.20, 95% CI À0.31 to 0.62). Conclusions: There were wide variations in the degree of gatekeeping between countries, with no simple binary model as to whether or not a country has a "PCP-as-gatekeeper" system. While there was case-by-case variation, there was no overall evidence of a link between a higher probability of initial consultation with a PCP and poorer cancer survival.
Introduction
There is wide variation in the cancer survival rates across Europe [1, 2] . For example, in the United Kingdom, over 6000 deaths a year that occurred within 5 years of diagnosis would have been avoided if survival in Britain had matched the mean for Europe [3, 4] , representing 6-7% of all deaths due to cancer. The variation in European 1-year relative cancer survival rates is even higher than that for 5-year survival. While 1-year relative survival rates for cancer can be affected by lead-time and over-diagnosis biases [5, 6] , they are generally taken to be an indicator of more advanced disease at diagnosis [4, 7] . Analysis of the EUROCARE-5 data [8] shows that the 1-year relative survival rate for all cancer sites varies from 60.0 to 80.5% between registries, with large variation even within EUROCARE's five main European regions. Some studies have suggested that there are also differences between countries in cancer stage at the time of starting treatment [9] [10] [11] . The survival and stage differences raise the question as to how much the differing diagnostic pathways in those countries affect the speed of diagnosis. While recent overall cancer survival trends show improvement [12] , there is little narrowing in the national differences [13] .
Healthcare systems considered to have a primary care gatekeeper system tend to have a significantly lower 1-year relative cancer survival than systems without such gatekeeper functions [14] . However, achieving more timely cancer diagnoses in primary care poses a considerable challenge [15] . A primary care physician (PCP) will see only a small number of new cancers each year. Half of patients with malignancies present in primary care with evolving and undifferentiated symptoms [16] that are much more likely to be interpreted as something other than cancer. Even classical "red flag" symptoms like dysphagia and rectal bleeding have positive predictive values of less than 6% [17] .
The € Oren€ as Research Group is a collaborative group of researchers from 20 European countries that investigates how primary care factors influence the varying European cancer survival rates. Discussion within the group suggested that, in some countries that are considered to have PCPs as gatekeepers, some patients bypass the PCP. Conversely, in other countries where patients can consult specialists without PCP referral, the majority of adult patients still present to PCPs. In addition, a previous study shows that there can be different levels of gatekeeping, for instance with some PCPs being gatekeepers for all patients except for children, or women with gynaecological problems [18] . This study was therefore designed to find out where patients with possible cancer symptoms are likely to present in different European countries, and how that correlates with national 1-year relative cancer survival rates.
Material and methods

Study design
The study used a case-based questionnaire, completed by consensus groups from 14 European countries.
Four vignettes were included in the questionnaire. Each of these vignettes gave the patient's presenting symptoms, previous medical history, medication, clinical findings and other relevant information. Two of the vignettes were designed and validated by the International Cancer Benchmarking Partnership (ICBP) [19] , and used with permission. Minor changes were made to make the vignettes relevant to the study format, which was designed by eight members of the € Oren€ as Research Group. This group also piloted the questionnaire with local colleagues. The clinical scenarios were written in English and placed in an online questionnaire. All participants used this single questionnaire.
The vignettes were: Respondents were asked to agree the probability that each patient would initially present to each of the following:
A PCP/general practitioner; A practice nurse (i.e. a nurse working in a primary care practice); A specialist doctor outside a hospital; A specialist doctor in a hospital; A specialist nurse outside a hospital; A specialist nurse in a hospital; A hospital emergency department.
For each vignette there was also space for free-text entries.
Selection of study subjects and information gathering
As PCPs were thought to have the best overview of where patients may initially present, the € Oren€ as 
Outcomes and analysis
For each centre, the probability of presentation of each vignette to each type of clinician was noted. The mean probabilities were then calculated for each of the clinicians that were considered in the questionnaire, as well as for each of the four vignettes. Probability values for PCP/practice nurse, specialist doctor inside/outside hospital and specialist nurse inside/outside hospital pairs were added together to give composite values for each. Three countries each had € Oren€ as leads in two different regional centres; for these, the mean probability values for each pair of centres were used. Data on national 1-year relative survival for each of the four cancers were downloaded from the EUROCARE-5 database [8] . Pearson's correlation coefficients for each set of probabilities with their national 1-year relative survival rates were then calculated.
Results
Study population
€ Oren€ as Research Group members from 17 centres in 14 countries completed the on-line survey (Table 1) . These included at least three countries in each of Central, Eastern, Northern and Southern Europe. The countries represented ranged from those with the highest EUROCARE-5 1-year cancer relative survival ranking to those with the lowest, and there were at least three countries in each survival quartile [8, 12] . Some responses related to regions and others to whole countries. A total of 78 clinicians participated, with a median of four (range 3-9) in each consensus group. Table 2 shows the mean probability of presentation to each type of clinician for each participating country. The probabilities of presentation to each clinician group are given in Table 3 and the range of variations is summarised in Figure 1 . The median overall probability across all the surveyed countries of initial presentation to a primary care clinician (a PCP or a practice nurse) was 0.48, though with a wide variation (range 0.28-0.95). Patients were less likely to present directly to specialist physicians than to PCPs, but again with a wide variation (median probability ¼ 0.24, range 0-0.47). There was a low overall probability of initial consultation with a specialist nurse in all the countries studied (median probability ¼ 0.08, range 0-0.13), but a wider variation in the probability of an initial presentation at an emergency department (median probability ¼ 0.12, range 0-0.25). Table 3 also shows the correlations between the probability of initial presentation to each clinician group and each country's 1-year overall relative cancer survival. For primary care clinicians and specialist physicians there was no significant correlation. However, there was a significant positive correlation for probability of presentation to a specialist nurse, and a significant negative correlation for probability of presentation to an emergency department. 
Outcomes of the study
specialist nurse systems; probability of presentation to a specialist depends on waiting times (higher probability if shorter waiting time). f Norway: Some patients present directly to a primary care emergency department. g In Poland, COPD and some other chronic conditions are usually managed by specialists. However, if the waiting time for a specialist is longer, a patient is more likely to see a PCP. h Slovenia: Patients may be seen in a primary care emergency department. i Spain: There is regional variation in the proportion of patients who first present to a specialist. j In Sweden, a 24-hour-a-day health hotline may be the initial point of contact. Table 3 . Probability of presentation to each clinician group for all four vignettes combined and correlation between the probability of initial presentation to each clinician group and each country's 1-year overall relative cancer survival. Figure 1 . Box and whisker plot of overall probability of presentation to each clinician group. Table 4 shows, for each individual vignette, the correlation between the probability of initial presentation to each clinician group and that country's individual cancer 1-year relative cancer survival. It is shown graphically for primary care clinicians in Figure 2 . For the patient with possible lung cancer, there was a significant negative correlation between the probability of initial presentation to a primary care clinician and each country's 1-year relative lung cancer survival rate. This compared with a significant positive correlation between survival and the probability of initial presentation to a specialist physician. There was no significant correlation with the probability of initial presentation to a specialist nurse or an emergency department.
For the patient with possible ovarian cancer, there was a very small, non-significant negative correlation with 1-year relative ovarian cancer survival rates for presentation to a primary care clinician, and a negligible correlation with the probability of initial presentation to a specialist physician. While there was only a probability of presentation to a nurse specialist in three countries, this was associated with an improved, but not statistically significant, 1-year relative survival.
For presentation to an emergency department there was a reasonably large, but non-significant, negative correlation.
For the vignette with possible breast cancer, there were no significant correlations between national 1-year relative breast cancer survival rates and the probabilities of initial presentation for any of the clinician groups. Similarly, for the patient with possible colorectal cancer, there were no significant correlations.
Discussion
Statement of principal findings
The data from this primary care-based vignette study show a wide variation in the probability of initial presentation to a primary care clinician (a PCP or a practice nurse). The data show no significant overall evidence of a link between consensus group estimates of higher probability of initial presentation to a primary care clinician and altered cancer survival. However, there was case-by-case variation, with a significantly poorer lung cancer survival in countries where patients are more likely to initially consult a PCP. Figure 2 . Correlations for individual vignettes between probability of initial presentation to a primary care clinician and national 1-year relative cancer survival rates, with 95% confidence intervals.
Strengths and weaknesses of the study
The study gathered data from 17 primary care research centres in 14 European countries, with at least three centres in each of Eastern, Southern, Northern and Central Europe. All centres used an identical set of vignettes and questions. While the use of consensus groups is a recognised methodology for probability estimations [23] , there may have been bias in consensus group membership selection, and a special interest in cancer survival rates may itself have caused bias. The PCPs in the groups may have had an inaccurate view of where patients in their jurisdictions were likely to present. However, recent real-life data on the route that patients take through the UK healthcare system before receiving a cancer diagnosis [24, 25] show results that are similar to the consensus findings in our study. While the consensus groups were small, there is evidence that small group size maximises decision accuracy [26] , and that the degree of consensus increases with decreasing group size [27] .
The questionnaire used a Likert scale to report the probability of initial presentation to a clinician, but these probabilities were estimates by the consensus groups: participants from different centres may have interpreted the task differently because of differences in their cultural values and languages, and they may have had other social or health system factors, such as national levels of healthcare spending [28] , that acted as confounders. Not all European countries were included in the survey, and there may have been a type II error, i.e. the study may have been underpowered to detect small significant differences. The EUROCARE-5 survival rate data may have been affected by information bias. While the questionnaire gave "PCP" and "Internal medicine specialist" as separate options, some PCPs are also qualified as internal medicine specialists in some of the countries represented. However, each clinical scenario also gave a free-text entry option to allow participants to identify and comment on these issues.
Findings in relation to other studies
This study suggests that the "PCP as gate-keeper" model does not necessarily map across to how patients initially seek help, and in some of the countries where PCPs do not have a gatekeeper function, more than half of presentations are still likely to be to a primary care clinician. A recent ICBP study demonstrated a correlation between the readiness of primary care practitioners to investigate symptoms indicative of cancer and improved cancer survival rates [29] , and the way in which different healthcare systems support primary care in cancer diagnosis by quick and easy access to investigations may be a factor in speed of cancer diagnosis [30] . There has been a call for better understanding of interactions between health system factors and professional behaviour, so that outcomes can be improved [31] . Two recent studies suggest that there is a relationship between the medical system and physicians' readiness and opportunity to refer based on a suspicion [29, 31] . Many non-clinical factors are likely to have a significant impact on referral decisions; these include levels of gatekeeping responsibility, funding systems, access to special investigations, fear of litigation, and relationships with specialist colleagues [18] . It may also be that a formal gatekeeping system introduces an asymmetrical relationship between the patient and the PCP which can result in patients self-restricting their care-seeking [32] , whereas the knowledge that a patient can, if wished, independently seek specialist advice may affect both patients' and PCPs' decision-making.
Our finding of a link between the probability of presentation to a primary care clinician and poorer survival for patients who may have lung cancer could be due to a variety of factors. It may be that primary care clinicians have poorer access to X-ray facilities than their specialist colleagues, and there is evidence that lung cancer patients presenting to hospital in the UK without a suspicious chest X-ray are less likely to have specialist care or histological confirmation of their cancer, and they have lower rates of active treatment [33] . There is also evidence that, where a chest X-ray for a patient with lung cancer does originate in primary care, there is an earlier stage at diagnosis [34] . There may be confounding factors: for instance, inequality in the treatment given to lung cancer patients could be due to variations in access to oncology services, with evidence for longer survival in patients whose first hospital attendance is at a radiotherapy centre [35] . Also, there is a significant variation between the lung cancer referral guidelines in different jurisdictions [36] .
While this study showed a significant positive correlation between overall cancer survival rates and likelihood of initial consultation with a specialist nurse, that likelihood was low in all countries, so the importance of this link is unclear. However, while the role and competencies of specialist nurses are diverse across Europe [37] , it is thought that they have knowledge of, and insight into, the entire patient pathway, as well as high levels expertise for the patient groups for which they care [37, 38] .
It is known that patients with cancer who present as an emergency experience higher short-term mortality compared with non-emergency presentations, even when age, stage, and co-morbidity are accounted for [39, 40] . This was reflected in our finding of a significant negative correlation between probability of an initial presentation at an emergency department and national 1-year relative cancer survival rates. Higher levels of emergency department cancer presentations could be due to delayed recognition of sinister symptoms by patients or their physicians, unavailability of non-emergency routes to care, or a complex interaction between these [41] , while lower levels of presentation to emergency departments may indicate good quality of cancer care in general [42] .
Implications for clinical policy and research
The ICBP study [29] found a link between the readiness of primary care practitioners to investigate symptoms indicative of cancer and cancer survival rates, but found no specific health system features that consistently explained these findings. While it has been suggested that countries with a gatekeeper system have a significantly lower 1-year relative cancer survival than systems without such gatekeeper functions [14] , our study identified wide variations in the degree of gatekeeping between countries, with no simple binary model as to whether or not a country has a "PCP-as-gatekeeper" system. Further research on how system factors affect cancer survival rates is needed.
Conclusion
This vignette-based study provides information on how patients who may have cancer are likely to seek help initially, how that varies across 14 European countries, and how it relates to 1-year relative cancer survival rates. Although there was case-by-case variation, we found no overall evidence of a link between a higher probability of initial presentation to a primary care clinician and altered cancer survival.
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